INTRODUCTION
Altmetric Attention Score (AAS) is an emerging tool that measures the online presence of published articles. AAS represents a sum of article mentions on social media, e.g., Twitter, and news outlets (Digital Science, London, UK). AAS is increasingly used by journals as an integral article metric. While some studies have assessed the correlation between AAS and the number of citations in several disciplines and specialties, [1] [2] [3] [4] it remains unclear whether AAS correlates with article citations among high-impact general medicine journals.
METHODS
We compiled full-length original articles published in 2014 at the three highest impact factor journals: New England Journal of Medicine (NEJM), the Lancet, and Journal of the American Medical Association (JAMA) (according to Journal Citation Reports® 2017: category BGeneral Internal Medicine^). For each article, the reported AAS was extracted (i.e., a higher score corresponds to increased online presence, with a score of ≥ 20 generally representing a high-performing article compared to its contemporaries). Citation counts in the subsequent 3 years (i.e., 2015-2017) were retrieved by searching Web-of-Science for the corresponding article. Pairwise correlations were done using Spearman's rank correlation coefficient for non-parametric variables and Pearson's correlation coefficient for linear variables. A simple linear regression model was used to determine the relationship between log (AAS) and log (total 3-year citations). To account for the clustering effect between the journals, a linear regression with Huber-White cluster sandwich estimator of variance was performed.
RESULTS
We retrieved 551 full-length original research articles: 215 (39%), 182 (33%), and 154 (28%) from NEJM, JAMA, and the Lancet, respectively. The median AAS was 129 (interquartile range 74, 207); the median number of news outlets and twitter mentions were 8 (4, 15) and 49 (27, 95), respectively. The median total number of citations at 3 years was 96 (50, 190). The correlation coefficient for the AAS and 3-year citations was 0.33 (P < 0.001) ( Table 1) .
On simple linear regression, log (AAS) was a positive predictor of log (3-year citations) (P < 0.001), and the model was statistically significant (P < 0.001). However, the model only explained 12% of this relationship (R 2 = 0.12) (Fig. 1a) . The adjustment for article type improved R 2 to 0.16, but did not significantly affect the overall model. By accounting for the clustering effect between journals in the regression model, R 2 remained 0.12, but the model did not reach statistical significance (P = 0.09) (Fig. 1b) . Accounting for the journal impact factor as a continuous variable showed a 0.03 increase in the log (total Citations) for each 1-point increase in the impact factor (P < 0.001).
DISCUSSION
In this cross-sectional analysis of full-length original research articles published in specific high-impact general medicine journals, we demonstrated that AAS poorly correlated with the number of citations in the subsequent 3 years. The correlation strength did not change on subgroup analyses of individual journal, study type, or the individual score components. The correlation between AAS and the total citations over 3 years was further diminished after adjusting for the clustering effect between journals.
Given the increasing interest in the use of social media to promote articles, it is important to understand the impact of new online attention metrics on more conventional article metrics, such as article citations. One study of 16
Published online January 31, 2019 selected articles in pain medicine found that measures of social media engagement did not correlate with article citations at 1 year. 5 Another study examined the influence of tweets on the number of citations for articles published in the Journal of Medical Internet Research and found a correlation between number of tweets within 3 days of publication and future citations. 6 A study comparing the correlation of AAS and citations in the 6 PLOS journals showed no significant correlation for PLOS Medicine. 4 Our study extends beyond these findings by including the highest impact general medicine journals, which are expected to have the highest AAS for their articles due to wider audience. However, we could not comment on the effect of article accessibility (i.e., open versus closed access) on this association. It is also important to highlight that these results might be of limited generalizability to other subspecialty journals. For example, a similar analysis found that AAS moderately correlated with citations for cardiology articles, 3 which might be related to the variation in social media engagement among the different specialties. 
